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(57) [Abstract] 

[Object] It is an object to improve error correction 
performance, 

[Configuration] An order of pieces of information is changed 
by a first interleave circuit 32, a first error correction 
codes is generated by an RS (239, 223) encoding circuit 33, 
the order is changed into the original order by a first 
deinterleave circuit 34, and a second error correction codes 
is generated by an RS (255, 239) encoding circuit 5 . The second 
error correction code is decoded by an RS (255, 239) decoding 
circuit 11 to correct errors of pieces of information, an order 
of the pieces of information is changed by a second interleave 
circuit 35, the first error correction code is decoded by an 
RS (239, 223) decoding circuit 36 to correct a residual error 
of the pieces of information, and the order is changed into 
the original order by a second deinterleave circuit 37. 



[0018] FIG. 2 is a diagram showing an FEC multiplexing device 
according to Embodiment 1 of the present invention. In FIG. 
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2, the upper half indicates an FEC multiplexing circuit 22 
in FIG. 1, and the lower half indicates an FEC demultiplexing 
circuit 26 in FIG. 1. In FIG. 1, reference numeral 1 denotes 
a first demultiplexing circuit (first demultiplexing unit) 
5 for demultiplexing 2.5-Gbit/s STM-16 data into 16 parallel 
15 6-Mbit/s data, and reference numeral 2 denotes a second 
demultiplexing circuit (first demultiplexing unit) for 
demultiplexing the 16 parallel 156-Mbit/s data into 128 
parallel 19-Mbit/s data. Reference numeral 31 denotes a first 

10 rate change circuit (first rate change unit) for adding a 
redundant information region to 128 parallel 19-Mbit/s data 
to increase a transmission rate to 22 Mbit/s by a rate 
corresponding to the redundant information region, arid 
reference numeral 4 denotes an overhead insertion circuit 4 

15 (overhead insertion unit) for inserting overhead information 
such as frame synthesis information into the redundant 
information region. Reference numeral 32 denotes a first 
interleave circuit (first interleave unit) for changing an 
order of 128 parallel 22-Mbit/s data, and reference numeral 

20 33 denotes an RS (239, 223) encoding circuit for performing 
RS (239, 223) error correction encoding to store the redundant 
information of the error correction code in the redundant 
information region. Reference, numeral 34 denotes a first 
deinterleave circuit (first deinterleave unit) for changing 

25 the order of the 128 parallel 22-Mbit/s data which is changed 
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by the first interleave circuit 32 into the original order 
again, and reference numeral 5 denotes an RS (255, 239) encoding 
circuit (second error correction encoding unit) for performing 
RS (255, 239) error correction encoding to store the redundant 
5 information of the error correction encoding in the redundant 
information region. Reference numeral 6 denotes a first 
multiplexing circuit (first, multiplexing unit) for 
multiplexing 128 parallel 22-Mbit/s data into 16 parallel 
179-Mbit/s data> and reference numeral 7 denotes a second 
10 multiplexing circuit (first multiplexing . unit) . f or • 
multiplexing the 16 parallel 179-Mbit/s data into a 2 . 8 6-Gbit/s 
FEC frame. 

[0019] Reference numeral 8 denotes a third demultiplexing 
circuit (second demultiplexing unit) for demultiplexing the 

15 2. 8 6-Gbit/s FEC frame into 16 parallel 179-Mbit/s data, 
reference numeral 9 denotes a fourth demultiplexing circuit 
for demultiplexing the 16 parallel 179-Mbit/s data into 128 
parallel 22-Mbit/s data, and reference niimeral 10 denotes a 
frame synthesis circuit (frame synthesis unit) for detecting 

20 the start position of the 128 parallel 22-Mbit/s data depending 
on the overhead information stored in the redundant information 
region. Reference numeral 40 denotes an error correction 
circuit (error correction unit) . In the error correction 
circuit 40, reference numeral 11 denotes an RS (255, 239) 

25 decoding circuit (second error correction decoding unit for 
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decoding the 128 parallel 22-Mbit/s data and correcting bit 
errors depending on decoding of RS (255, 239) error correction 
codes, reference numeral 35 denotes a second interleave circuit 
(second interleave unit) for changing an order of the 128 
5 parallel 22-Mbit/s data into the same order as that in the 
first interleave circuit 32, reference numeral 36 denotes an 
RS (239, 223) decoding circuit ( first error correction decoding 
unit) for decoding the 128 parallel 22 Mbit/s data except for 
RS (255, 239) redundant information and correcting bit errors 

10 depending on decoding of RS (239, 223) error correction codes, 
reference numeral 37 denotes a second deinterleave circuit 
(second deinterleave unit) for changing the order of the 128 
parallel 22 Mbit/s data changed by the second interleave circuit 
35 into the original order again, reference numeral 12 denotes 

15 a overhead separation circuit (overhead separation unit) for 
separating overhead information from redundant information 
region, and reference numeral 38 denotes a second rate change 
circuit (second rate change unit) for deleting the redundant 
information region from the 128 parallel 22 Mbit/s data to 

20 decrease the transmission rate to 19 Mbit/s by a rate 
corresponding to the deleted redundant information region. 
Reference numeral 14 denotes a third multiplexing circuit 
(second multiplexing unit) for multiplexing 128 parallel 
19-Mbit/s data into 16 parallel 156-Mbit/s data, and reference 

25 numeral 15 denotes a fourth multiplexing circuit (second 
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multiplexing unit) for multiplexing the 16 parallel 15 6Mbit/s 
data into 2.5-Gbit/s STM-16 data. 

[0020] The operation will be described below. In FIG. 1, a 
first light receiver 21 receives an STM-16 optical signal to 
5 convert the optical signal into an electric signal. The FEC 
multiplexing circuit 22 demultiplexes the converted electric 
signal, stores overhead information and an error correction 
code in a redundant information region, and performs 
multiplexing to constitute an FEC frame. A first light 
10 transmitter 23 converts the FEC frame into an optical signal 
and transmits the optical signal to a light transmission path 

24 constituted by an optical fiber. A second light receiver 

25 converts the FEC frame transmitted through the light 
transmission path 24 from an optical signal into an electric 

15 signal. An FEC demultiplexing circuit 2 6 demultiplexes the 
converted electric signal, performs frame synthesis of the 
FEC frame depending on the overhead information stored in the 
redundant information region, decodes error correction codes 
to correct bit errors, deletes the redundant information region, 

20 and performs multiplexing again. A second light transmitter. 
27 converts an electric signal from the FEC demultiplexing 
circuit 26 into an optical signal to output an STM-16 optical 
signal. In this case, since an optical SNR on the light 
transmission path 24 is deteriorated by long-distance mass 

25 transmission of an optical signal, a large number of bit errors 
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occur in the FEC frame output from the second light receiver 
25, The bit errors are corrected by the FEC demultiplexing 
circuit 26, the bit error rate of the STM-16 optical signal 
output from the second light transmitter 27 is considerably 
5 improved, and communication service having predetermined 
quality can be provided. 

[0021] Intheupperhalf inFIG. 2, i.e., in the FEC multiplexing 
circuit 22, the first demultiplexing circuit 1 demultiplexes 
2.5~Gbit/s STM-16 data into 16 parallel 156-Mbit/s data, and 

10 the second demultiplexing circuit 2 demultiplexes the 16 
parallel 156-Mbit/s data into 128 parallel 19-Mbit/s data. 
The first rate change circuit 31 adds a redundant information 
region to the 128 parallel 19-Mbit/s data to increase a 
transmission rate to 22 Mbit/s by a rate corresponding to the 

15 redundant information region. The overhead insertion circuit 
4 inserts overhead information such as frame synthesis 
information required to maintain and operate the light 
transmission system into the redundant information region. 
The first interleave circuit 32 changes an order of the 128 

20 parallel 22 Mbit/s data, the RS (239, 223) encoding circuit 
33 performs RS (239, 223) error correction coding and stores 
the redundant information of the error correction codes in 
the redundant information region. .The first deinterleave 
circuit 34 changes the order of the 128 parallel 22 Mbit/s 

25 data changedby the first interleave circuit 32 into the original 
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order again, and the encoding circuit 5 performs RS (255, 239) 
error correction encoding and stores the redundant information 
of the error correction codes in the redundant information 
region. The first multiplexing circuit 6 multiplexes the 128 
5 parallel 22-Mbit/s data into 16 parallel 179-Mbit/s data, and 
the second multiplexing circuit 7 multiplexes the 16 parallel 
179-Mbit/s data to output 2.86-Gbit/s FEC frame. 
[0022] On the other hand, in the lower half in FIG. 2, i.e., 
in the FEC demultiplexing circuit 26, the second demultiplexing 

10 circuit 8 demultiplexes the 2.8 6-Gbit/s FEC frame into 16 
parallel 179-Mbit/s data, and the fourth demultiplexing circuit 
9 demultiplexes the 16 parallel 179-Mbit/s data into 128 
parallel 22-Mbit/s data. The frame synthesis circuit 10 
examines the overhead information stored in the redundant 

15 . information region to detect the start position of the 128 
parallel 22-Mbit/s data. The RS (255, 239) decoding circuit 
11 in the error correction circuit 40 decodes the 128 parallel 
22-Mbit/s data, and corrects bit errors depending on decoding 
of RS (255, 239) error correction codes . The second interleave 

20 circuit 35 changes the order of the 128 parallel 22-Mbit/s 
data as in the first interleave circuit 32, the RS (239, 223) 
decoding circuit 36 decodes the 128 parallel 22-Mbit/s data 
except for RS (255, 239) redundant information and corrects 
bit errors depending on decoding of RS (239, 223) error 

25 correction codes. The second deinterleave circuit 37 changes 
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the order of the 128 parallel 22-Mbit/s data changed by the 
second interleave circuit 35 into the original order again. 
An overhead separation circuit 12 separates overhead 
information from the redundant information region, and the 
5 second rate change circuit 38 deletes the redundant information 
region from the 128 parallel 22-Mbit/s data to decrease a 
transmission rate to 19 Mbit/s by a rate corresponding to the 
deleted redundant information region. The third multiplexing 
circuit 14 multiplexes the 128 parallel 19-Mbit/s data into 
10 16 parallel 156-Mbit/s data, and the fourth multiplexing 
circuit 15 multiplexes the 16 parallel 156-Mbit/s data to output 
2.5-Gbit/s STM-16 data. 

[0023] FIG. 3 is a diagram showing an FEC frame output from 
an overhead insertion circuit, FIG. 4 is a diagram showing 

15 an FEC frame output from an RS (239, 223) encoding circuit, 
and FIG. 5 is a diagram showing an FEC frame output from an 
RS (255, 239) encoding circuit and an FEC frame output from 
a secondmultiplexing circuit. As shown in FIG. 3, 128 parallel 
22-Mbit/s data output. from the overhead insertion circuit 4 

20 are constituted by n (n = 128) sub-frames each consisting of 
1-bit overhead information 222-bit STM-16 data, 16-bit RS (239, 
223) redundant information, and 16-bit RS (255, 239) redundant 
information. In this case, the STM-16 data set as transmission 
information, and the overhead information, the RS (239, 223) 

25 redundant information, and the RS (255, 239) redundant 
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information are stored in the redundant information region. 
In the overhead insertion circuit 4, pieces of overhead 
information are stored in the respective overhead information 
regions of the sub-frames 1 to 128. - In FIG. 3, the explanation 
5 is performed on the assumption that the sub-frames 1 to 128 
are classified into m (m = 8) sub-frames and that pieces of 
overhead information OHl to 0H16 in the overhead information 
regions of the sub-frames in n/m (128/8 = 16) units. In the 
first interleave circuit 32, the 128 parallel 22-Mbit/.s data 

10 shown in FIG. 3 are classified in m (m = 8) sub-frames like 
the 128 parallel 22-Mbit/s data shown in FIG. 4, and the order 
of the sub-frames in n/m (128/8 = 16) units is changed. As 
an example of a rearrangement of data, the following case is 
shown. That is, the first column is not is replaced, the second 

15 column is upwardly shifted by one every 8 sub-frames, the third 
column is upwardly shifted by two, the 16th column is 

upwardly shifted by 15, and the 17th column is upwardly shifted 
by 16 (unit that the 17th column is not replaced), i.e., 
interleave is performed 1 (1 = 16) times (interleave step) . 

20 The RS (239, 223) encoding circuit 33 generates RS (239, 223) 
error correction codes every 8 sub-frames by using overhead 
information and STM-16 data as targets like the 128 parallel 
22-Mbit/s data shown in FIG. 4, and stores the redundant 
information of the error correction codes in RS (239, 223) 

25 error correction code regions of the redundant information 
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region (first error correction code generation step), 
respectively. The first deinterleave circuit 34 changes the 
order of the 128 parallel 22-Mbit/s data shown in FIG. 4 every 
8 sub-frames such that the STM-16 data regions have the original 
5 order like the 128 parallel 22-Mbit/s data shown in FIG.^ 5 
(interleave step and deinterleave step) . The RS (255, 239) 
encoding circuit 5 generates RS (255, 239) error correction 
codes every 8 sub-frames by using overhead information, STM-16 
data, and RS (239, 223) redundant information as targets like 

10 the 128 parallel 22-Mbit/s data shown in the upper half in 
FIG. 5, and stores the redundant information of the error 
correction codes in the redundant information of the RS (255, 
239) error correction codes of the redundant information region 
(second error correction code generation step) , respectively. 

15 The 128 parallel 22-Mbit/s data shown in the upper half in 
FIG. 5 are multiplexed by the first multiplexing circuit 6 
and the second multiplexing circuit 7 to constitute 2 . 8 6-Gbit/s 
FEC frame shown in the lower half in FIG. 5. In this case, 
reference symbol f is given by (n/m = 128/8= 16) . In the FEC 

20 frame in Embodiment 1, 33-bit redundant information region 
is added to 222-bit STM-16 data at a transmission rate of 2.86 
Gbit/s of the original STM-16 data, and the transmission rate 
increases to a rate which is 255/222 times the above transmission 
rate. For this reason, the transmission rate of the FEC frame 

25 is 2.86 Gbit/s. 
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[0024] On the other hand, in the FEC demultiplexing circuit 
26, the RS (255, 239) decoding circuit 11 performs RS (255, 
239) error correction decoding to the overhead information 
of the 128 parallel 22-Mbit/s data shown in the upper half 
5 in FIG. 5, the STM-16 data, the RS (239, 223) redundant 
information, and the RS (255, 239) redundant information every 
8 sub-frames, so that bit errors of the overhead information, 
the STM-16 data, the RS (239, 223) redundant information, and 
the RS (2'55, 239) redundant information are corrected depending 

10 on decoding of the RS (255, 239) error correction codes. In 
this case, when a large number of bit errors which cannot be 
corrected are generated, bit errors remain in output data of 
the RS (255, 239) decoding circuit 11, The second interleave 
circuit 35 changes the order of the 128 parallel 22-Mbit/s 

15 data into the order obtained by the first interleave circuit 
32, and the RS (239, 223) decoding circuit 36 performs RS (239, 
223) error correction decoding to the overhead information 
of the 128 parallel 22-Mbit/s data shown in FIG- 4, the STM-16 
data, and the RS (23 9, 223) redundant information every 8 

20 sub-frames to correct the bit errors remaining in the respective 
codes depending on decoding of the RS (239, 223 ) error correction 
codes. In this manner, the order of pieces of information 
subjected to the error correction encoding in the RS (255, 
239) error correction codes is different from the order of 

25 pieces of information subjected to the error correction 



encoding in the RS (239, 223) error correction codes . For this 
reason, the bit errors are dispersed in these codes, so that 
error correction performance can be considerably improved. 
The second deinterleave circuit 37 changes the order of the 
5 128 parallel 22-Mbit/s data the order of which is changed by 
the second interleave circuit 35 into the original order again. 
[0025] As described above, according to Embodiment 1, in the 
FEC frame constituting method and the FEC multiplexing device, 
two types of error correction encodings are performed, the 

10 first interleave circuit 32, the first deinterleave circuit 
34, the second interleave circuit 35, and the second 
deinterleave circuit 37 are arranged, the orders of pieces 
of information are changed between the two types of error 
correction codes. For this reason, error correction 

15 performance which is considerably higher than that of the 
configuration described in the prior art can be obtained. Even 
though a transmission rate increases 2.86 Gbit/s, a 
long-distance and large-capacity optical transmission system 
can be structured. In addition, the first interleave circuit 

20 32 is arranged on the input stage of the RS (255, 239) encoding 
circuit 5 serving as the first stage circuit, and the first 
deinterleave circuit 34 is arranged on the input stage of the 
RS (255, 239) encoding circuit 5 serving as the next stage 
circuit. For this reason, data can be transmitted without 

25 changing the order of the STM-16 data in the FEC frame. 
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Furthermore, since the number of times of interleave, the number 
of times of deinterleave (1 = 16), and the number of units 
(n/m = 128/8 = 16) of sub-frames to be interleaved and 
deinterleaved are equal to each other, pieces of information 
5 subjected to the error correction encoding are uniformly 
rearranged, and errors of the pieces of information are 
uniformly dispersed. For this reason, the error correction 
performance can be more improved, and the configuration of 
the FEC multiplexing device can be simplified and reduced in 
10 size. 

[002 6] Embodiment 2. FIG. 6 is a diagram showing an FEC 
multiplexing device according to Embodiment 2 of the present 
invention.. In FIG. 6, a plurality of error correction circuit 
(error correction unit) 40 each constituted by an RS (255, 

15 239) decoding circuit 11, a second interleave circuit 35, an 
RS (239, 223) decoding circuit 36, and a second deinterleave 
circuit 37 are cascade-connected in a large number of stages. 
[0027] The operation will be described below. In FIG. 6, the 
error correction circuits 40 are cascade-connected in a large 

20 number of stages in the FEC demultiplexing circuit 26. 
-According to Embodiment 2, since correction of repetitive bit 
errors is sequentially repeated for two types of error 
correction codes, the error correction performance can be more 
improved, and the configuration of the FEC frame need not be 

25 ■ changed. A long-distance and large-capacity optical 
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transmission system can be structured without changing hardware 
except that the error correction circuits 40 are 
cascade-connected in a large number of stages. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIG. 2] FIG. 2 is a diagram showing the configuration of an 
FEC multiplexing device according to Embodiment 1 of the present 
invention. 

[FIG. 6] FIG. 6 is a diagram showing the configuration of an 
FEC multiplexing device according to Embodiment 2 of the present 
invention. 
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[FIG. 2] 

1: FIRST DEMULTIPLEXING CIRCUIT 
2: SECOND DEMULTIPLEXING CIRCUIT 
31: FIRST RATE CHANGE CIRCUIT 
5 4 : OVERHEAD INSERTION CIRCUIT 
32: FIRST INTERLEAVE CIRCUIT 
33: RS (239, 223) ENCODING CIRCUIT 
34: FIRST DEINTERLEAVE CIRCUIT 
5: RS (255, 239) ENCODING CIRCUIT 
10 6: FIRST MULTIPLEXING CIRCUIT 
7: SECOND MULTIPLEXING CIRCUIT 
2.86-G FEC FRAME 

15: FOURTH MULTIPLEXING CIRCUIT 
14: THIRD MULTIPLEXING CIRCUIT 

15 38: SECOND RATE CHANGE CIRCUIT 
12: OVERHEAD SEPARATION CIRCUIT 
37: SECOND DEINTERLEAVE CIRCUIT 
36: RS (239, 223) DECODING CIRCUIT 
35: SECOND INTERLEAVE CIRCUIT 

20 11: RS (255, 239) DECODING CIRCUIT 
40: ERROR CORRECTION CIRCUIT 
10: FRAME SYNCHRONOUS CIRCUIT 
9: FOURTH DEMULTIPLEXING CIRCUIT 
8: THIRD DEMULTIPLEXING CIRCUIT 

25 2 . Se-G FEC FRAME 
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[FIG. 6] 

• 1: FIRST DEMULTIPLEXING CIRCUIT 
2: SECOND DEMULTIPLEXING CIRCUIT 
31: FIRST RATE CHANGE CIRCUIT 
5 4: OVERHEAD INSERTION CIRCUIT 
32: FIRST INTERLEAVE CIRCUIT 
33: RS (239, 223) ENCODING CIRCUIT 
34: FIRST DEINTERLEAVE CIRCUIT 
5: RS (255, 239) ENCODING CIRCUIT 
10 6: FIRST MULTIPLEXING CIRCUIT 
7: SECOND MULTIPLEXING CIRCUIT 
2.8 6-G FEC FRAME 

15: FOURTH MULTIPLEXING CIRCUIT 
14: THIRD MULTIPLEXING CIRCUIT 

15 38: SECOND RATE CHANGE CIRCUIT 
12: OVERHEAD SEPARATION CIRCUIT 
40: ERROR CORRECTION CIRCUIT 
40: ERROR CORRECTION CIRCUIT 
10: FRAME SYNCHRONOUS CIRCUIT 

20 9: FOURTH DEMULTIPLEXING CIRCUIT 
8: THIRD DEMULTIPLEXING CIRCUIT 
2.8 6-G FEC FRAME 
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titzmmtn^^mit i^xB^mm^thti-r^m 2 

im^m?] m2(Dm^n^Emn'.^^. %2(n>^\^^ . 

8 ] iiJjtJi 1 ^ fcjifsjj^js 2 mmco f e c ^ 
L--^i»fiJc*-&tc/^ i:r F E c 7 U'-i^ 1 ^ 

m <i: i- S fS*« 6 ^ fc 7 lEife (7) F E C ^Sfbi^ 

Bo 

[0001] 

(Cjol ^X FEC (Forward ErrorCorr i(9 
e c t I o n) {Cj:i9 5tSNRcr>^feMbtCj:5l^!y h^t? 

^frELT:S£g^. ::^^4eill^ll^i-6fci!^><7)FEC 

yu-'M. mf&:^m-ii6 ^ F E c t^mt^w^zm-t^ (o 

[0 0 0 2] 

Iil8^1^rJx.^l•I TU-Ttt^G. 975 

*c^$ixfct**(^)F E c^S^b^fi^^T^-riti^JcIil-c^ 

liliCiSl/NT. Ifi2. 5Gb i t/s STM- 1 6 
f—^^ 1 6^^IJ 1 5 6Mb i t / s X — 

1 <7)#S5^gt[ElS§. 2li 1 6M^lj 1 5 6Mb i t 
/ s 7^—^ ^12 8 il£^iJ 19Mb i t / s -r— (C^S 
5^^i-5l^2cO#a^SllHlSSr'fe^o 3fil2 8M^lJl 

9Mb i t/ s'T-^kc'K^mm.mm^mviX.x^ ^<o 
K'^'^mmm^mw L/c^^fcttfciiiii/f ^ 2 1 M b i t 

KjfAlHlKr**)^„ 5^^::?^-/<-^'^ KitS*5<fct/STM 

- 1 67'-^(::>?l-L'Ci^«9tTiE^^-^^i^^L. ^(DK^ 

it^^7L«ts«®i^(c*&^rt-r5 y- Kyo^:^ (rs) 50 
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^^■X^t>^^^RS (2 5 5. 2 3 9 ) i??r-^fk[Hl5S. 

STM- 1 ^f—'^^ 1 6 3fe^iJl 6 7Mb i t / s — 

^{-^fi^b-t-^m cO#fi{b(HlS§. 7ti 1 6 3£^ii 1 6 7 
Mb i t/sT^— ^^2. 66Gb i t/sFEC7U 

-A(c#^fi{k-rsm2o#a{i:iHissr*fcSo 

[0 0 0 3] ^/Ji. 8{i^2o^Sft:lHlje&7tcj:oT# 
mfb^tt, ^gi^S&^iii:Tei||^tl7t2. 66Gb i 
t/s FEC7U— 1 6M^IJ I67Mb i ir/sx 
-^\c^mii^m-t^m 3 co^S^J-fiSIaiK. 9 1 6 

1 6 7Mb i tXsv^"— 1 2 8 M^'J 2 1Mb i 

OJ^l 2 83fe5^lj2 1Mb i t/ sy'-^\cmw^f}.fz'K 

m^WLm^(0:^—y<-^y KtS^t^/J: 1 2 8 M^lj 2 1 

Mb i t/ sy'—^(D^m&.m.^^\!i!i'r^y\y—j-^mm 

iHl^S. 1 Ifil 2 8^^IJ2 1Mb i t/s v^— ^(7)m-^ 

^-^{cirti^cr F EC Art(7)v=-'-^<7)^i9 ^itmu 

"C. 7cCOiEL'V^x — i5'{CtTiE-r^R S (2 5 5, 2 3 
9) ^-^iHlK-efeSo 1 2fil 2 83^5^02 1Mb i t/ 

^y^—y<-^y V^m.^^. 1 3^11 2 8 3fe^lj2 1Mb i 

«c^S«ML3t5>fc*1-eaijg^^ 1 9Mb i t/st^ST 
^•tt6m2 0itS^^[H]S§. 1 4(^1 2 S^fe^lJl 9Mb 
i t/s'f—^^l 6M3?lJ 156Mb it/s 
^Miti-^fR3(D^mitm^. 1 63fe^lJ 1 5 6M 

b i t/s7^— ^^2. 5Gb i t/s S TM- 1 67^ 

[0 0 0 4] i5fe^cij!]f^^co^^-CI5^0.^i-5o III8l:::fci/^ 
T. miC0#S5)-|8IIeI¥SUi. 2, 5Gbit/sST 
M- 1 6t^— 1 6 3£^iJ 156Mb it/s 7="— 

^s^ffiL. ^2<D^m'Ammm2i'X. i6m 

^i]l 5 6Mb i t/s7^— t^^l 2 8 3t^Jl 9Mb i t 

//sx-^i::#a^^-r5o ^1 c^iIg^^lHl^3(i. 
1 2 8 3£^iJ 1 9 M b i t s 7^- (CTLfttf 

±:#$-^, 1 2 8^lfeJiJ2 1Mb i t/sT^— ^(Cfgift 

^C0:^-/<--';/ K1f«^}fA-rS. RS (2 5 5, 2 3 

l Sv'-^iiZMLXm^fTlEn^-^^f^l^. tcDTzmn 

:t-y<^ y K1t»*3 J; t>'7iLgtt« 7)5 f^:^,p^4x/i S TM- 
1 6x — ^^1 6 3fe^i]l 6 7 Mb i t X s v"—^ iZ^M 
itL. $e>tc:, m2<D^mit^^7it. 16M^IJ16 7 
Mb i t/sx — i5'^2. 66Gb i t/sFEC7lx 

[0 0 0 5] ^fz. m3(7)^m^g8lp]SS8*i. ^2(7)^ 
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m 

(4; 

5 

^ inti 2. 66Gbit/sFEC>^ 1 6 3fe^lJ 

1 6 7Mb i t/s7=--i5^fC^Si9-StL. S4 
<?:>^a^»lHl£§9(i. 1 63fe^)Jl 6 7Mb i t/s7"'- 
1 2 8 2 1 M b i t / s f—^{C^M^A^ir 

5^ ^l^^lHlKl Ofl. 1 2 8^^IJ2 1Mb i t 

/s7^-^{cmn^ixyc7LStS«m«<^:^-^<-^:y Kit 
atCj^lST 1 2 8M^lj2 1Mb i t/s7'—^(D9tm\tL 
m^^m L. RS (255. 239) Wi^^^ 1 1 

1 2 8 m\\ 2 1 M b i t / s f—^^m.^^m f+:JiD 10 

<^>iEH/>-7^— iJ^tClTIE-rSo K^^fflHelKl 2 

fi. 1 2 83£^IJ2 1Mb i s v^— t5=^i7:)7L:^te^^^ 
;5^«b;t-/<-->> KtS«^:9-BtL. ^ 2 cOiiSiE^lHlSg 1 

S^l 9Mb i t/s (cifgiT^ii:. ^3(^^S^klHlS§ 1 
4*1, 1 2 8il£^iJ 1 9Mb i t/s-r — ^5^^ 1 6M^iJ 1 
5 6Mbi t/s-r-i^^tC^SftU. ^^{C, S4C0# 20 
SiblHl^lSfl, 1 6ite^iJ 1 5 6Mb i t / s T^-^S: 

2. 5G b i t/s STM- 1 e-r— ^tc^m^b-r^o 

[0 00 6] |g] 9 fl;?t— -'^-^ :/ KffiASSS?!!- e> ai;^? ^ 
§FEC7U-ASr^-r«J5£lglT*$>i9, Ell OURS 

(2 5 5, 2 Z^) ^^i\:]B\^t^^mti^K^FRCy 

h'-y hcO;^— /<-v.:y Kt»^, 2 3 8 t' h CO S TM- 1 
e-r — 16lfi/h(7)RS (2 5 5. 2 3 9) |^ IT 30 

tb. d 1 0 i,Z7jkirX OiZ^ RS (255. 239) ^^-^ 
K+f^^oJ:t/STM- 1 6v''-i^{CMLXm:^miEn-^ 

<DRs (2 5 5. 2 3 9) 'J^:&mmmm^^m^t^.^o 

^fz. m 2 (D^mit\B\^ 7 /)^hmti ^tt^ F ECyi^— 

J^i-X. -^yyi — i---! 2 8^mKk^mitir^zti,c 

X^^i&^tl^, :Z.ZX\ i i^ii:M(D^m^Xh^. m 40 
<9fTiE1?-^ER0-0 — ERO - 1 5 cO^Sfb^^^i^ L 
'C:fc»9. Ig|9*:5J:r>'IgI 1 O(c::^ol^r(i, f == l 6 (7)0"'J^ 

^LTi/^-So r(;DF EC7U— Ar-jt. |g2co#s^gi 

lHl?S2;5^iblU;^^n'5FEC:7U— Ayi5 2 3 8 fcr-^ hco 

STM- 1 ex — i^'-c-fe'Scotci^Lr, mi<^5SffiiE^ 
{h3SS3(c:J:oT, l Ktf^i^ J: t>* l 

6t'';/hORS (2 5 5. 2 3 9 ) JCSIfffiX^^b^t^ 57l 

{.x^^mm^ 255/233 50 
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FEC^I/-jUC0^i||igSfi2. 5Gbit/s;0^ 
ib2. 66Gbit/s<!:?:^S„ ::coj:9t-, FEC^' 

<!:;ii5T-#5(5or\ * S N Rco^Vkt-'S^tei^v/;^^^ A{c 

"^mtfji^o ^ti. m9:iroXX)^mi 0{C7jk\^fzFECy 
1^— Atg^tC:Jol/^r. A{^:}Bft6 STM- 1 

6 7="— ^^^^LT2 3 8 hti^h 1 1 0 h U 
RS (2 5 5. 2 3 9) ^ "9 tTiE??#{t:^R S (1 

2 7. Ill) ^^fnEn^-itt^tii^. M^t-r^m 

[0 0 0 7] 

J; t>* F E c ^mitmm-±^^±.(D X. 0 (cti^ $ 

±#(::J:oT. S l <^ilS^miBl5&3 J:5^i^MSco 
±#l:b^^J:'9il5«?)^^<T(l>fcb-r. «^Jx.f^, RS (1 

2 7. Ill) ^lOfliE^-^fbr-liS TM- 1 6 7^-^ 
<7)e3lliiS7)5 2 . 5Gb i t/stC^LTFECy'U— 
1 2 7/1 1 Of9c^2, 8 9Gb i t/ 

stfj:^. ^Bm^^(D'^^it&7)-:k^<fj:^Xl.'^0o 

^±^^-^xhFjf^<D^nm(DMi^m. :kmm%i^mt^y^ 
y'j^^mmx^t^\^^t^if(Dmmt^^->fz.. 

[0 0 0 8] ^(D^m-t. ±M(DX,of^f^m^m^ir^ 

mmi^Xh. :^*i^c^^*9fTiEt^HgCO[6]±755oJtg/^FEC 

y AtiAJc:^feioct t/F E C^Mit^m^n^ :Ltt: 

[0 0 0 9] 

im:m^nm't^tzi!b(D^m ^<7)mm\z.gf,^F Ecy 

MLXmm(r>-^yy AStCi?gF-^{t: l "9 ITiE 
mi (7)^f9tTiE^-^;)^mD^nfcnfli60if:/:7 

^^^SLTmD-rsm2(D^t9tTiEi?^#:^iSxm<i:, ^ 

2 CO^ ITX^^-^^i^mD^ tlTt n m(D^y'y A ^ n 
^Sfb LT F E C 7 U — A^^^-rs F E C 7 A^ 
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[0 0 10] :z<D^m\cgh^FEcyi^-Mnf&yjm 

mmcD-^yy i—Msm:i^'^it urn i ^ wriEn^-^ 
r I (eix-r y-y LT-r y-y^xm^cior-r 

<7)-y-r 7 I — ASfcf^-^fk urn 2 t> ITIEff-^^S:^^ 
LTmD^5m2 0^<9fTIEf^^^^xm^. ^ 2 (7)^ 

Ur F E C :7 U~ A ^^^-r S FECy A:£^X® 

[0 0 11] ::co^0>^(ci3^^FEC:7u-A«|fS:frffi 
[0 0 12] z(D^mi^cm^FEcy\^-M.mj$.^m 

fl. I lin/'m(Okf^T'fei9 > k F E C :7 L/— 
li^S^<b:L'C. ^FECyi—M.(D^th't'thm^J:^mWi 

[0 0 13] zco^mc%^FEcyi--M.m^:^m 

th^^thRS (q, r) joJ:t/RS (p. q) 'eS:^$tL 

sy-Kyin^^-??-^ (p, <i:}3^x/rn^f»^xh 

•9. p>q>r. pll^20O^'9tTjE^?3F-^CO^^^:^. q 

[0 0 14] :i(ommc^.^FEc^mitmm:\±. mi 
<7)-f V -y^mcx<>xm^m^^mK.htifzmm 
mm:iMLxmi<Dm^nTEn^-^^fSLL. K^mnm 
mc^m-t^mKom^triEn^-it^^t. mi(o^^ 

m2(nm^tiiEm%\^^^t. ^teitss^iiuTfiins 

ttfc F E C :7 «c7)7LStf $ 

i^/cm2(Oi^'9ITiE^^-^^1a-^^5QiSL, t^^iJIt^co^J? 
^tTiE-r5m2(0^*9tTjEa-^^^i:. ^2C0-f>'^$'y 

mz.m^^Mz.mi(om'ot^^m%^'^^^m\^. 
mm.(o^m i^tzm^ ^rriEi-sm i (om. ^ fiiEffl-^^i^ 

3fem«60^2<75>r ViJ' y-:/^^^c*3^/^TM^# 
y - y ^ IS iSr « X. fc t> -e 5 o 

[0 0 15] C(D^P^{:i'^.6FEC^S{t:Sgfl. m2 

m2(D^ v-y^m. mi(D 
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[0 0 16] Z<DmM{C^.^FEC^mitmW:i^. FE 
C y \y-M.mjiSi:^mcJt^ CT F E C 7 A^^i^'T'S 
-e<^flli5[Sc$tl7tF EC7 U-— A:^i!iiili-§ 

[0 0 17] 

mm(Dmmi. minz<D^mcomm(Dmmi^:LX^F 
JO Ecy \y—j^mf&j7&:tsj:xj^F Ec^mitmrn^mm l 
tzitB^i^iyy^y'j^^Tf^'rmf&mx^^. m^^^^^x. 2 
uisTM- 1 6*m-^^s:ff :)tm^^m^m-^tc 

W^-t^m 1 <^^§{t^. 2 2 fl^ 1 (;03fc§ft^2 1 
»/\ FEC>^U— A^«^1->5FEC#S^k:lHl^ (FE 

c^m\imm . 2 atiFEc^u-A^^ft-^tc^jfe 

•r^^i<7))tiii{t^-e*)5o 2 A\iiitm^-(OFEcyu 

-J^^^m-t^^^i^^. 2 5Ji^eillK2 4(v:J:oT 

2(? eit^Kfr F E c y^—j^^mt^t^hm%m^\^^^ 

-r^m2(D%'^\t^^ 2 e\±m2(D%'^\t^2 ^t-hcn 

^co^S^trofd^-C. WX^^Mit^noFEC^m^A 

mm^ (FEc^mitmm) . 2 ti^f Ec^m^^mi^ 
m2 6t)^C:>(om%m^-^^m-^ic^^Lx STM- 1 e 

[0 0 18] m2i±:L(Dmm(Dmm(owmi icx^FE 

30 mi {c^n^F Ec^mitm^ 2 2 . T^fim 1 ic^ott 

6FEC#S^B6lElK2 e^^-rtiO-cfoSo HCiisi^ 

1(12. 5 G b i t / s STM- 1 6x — ^J'^ 1 6 
M^lJl5 6Mbi sv'—'^{C^m'j^^'t^mi(0^ 

m^m\B\^ (m 1 <r>^m'7^m^m . 2 ti 1 e 1 5 

6Mb i t / s T-'--^ ^ 128 >1£3?IJ 19Mbit/s7=-' 

-^{c#a^8i'r6^2(^#m5^^iHiss (^lo^a^i^ 

ffll^^) T^fe^o 3 Itil 2 83^2?ijl 9Mb i t/s7=-' 

-^{cKmrnnrnm^nmi^x. ^(DK&mnmm^H 

;(JDLfc5)'fc(tgi§iIit^2 2Mb i t/s i::±#^-tt5 

40 mi(Dm&m^^m imKommm^^m . 4ii*e 

3 2*11 2 8>teJlJ2 2Mb i t / s v'— ^ (DimfJ^^m^ 

mx.^mi<D^>^v-y\M\n (mio^^^^v-y^ 

m) . 3 3tlRS (2 3 9, 2 2 3) TflEn^-it^ 

m-r^Rs (2 3 9. 2 2 3) {mi(om^ 
friEn^-it^m) xh^o 3 4(imi(7)-r y-^^s 

50 «S3 2fC:|ol^rM^#;tibixfcl 2 8M^iJ2 2Mbit 
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S (2 5 5. 2 3 9) ^*9tTIEt5F^{li>S:m\ -^(Oi^i? 
fTIE^??-^(7)5i:S1f «^7L«t*a®i^t-*&ifsft^>5 R S ( 2 
5 5. 2 3 9) ^-^fblHlSS 2 19 fTiE^?f -^{t:^ 
^) T*^r)'5o 6(^1 2 8ilfe^iJ2 2Mb i t/s-r— tJ'^ 
1 e^lfe^ljl 7 9Mb i t/ZsT"— ^fd^^afb-r^^KO 

^mit\B\m (m i co^s^b^i^^) . nt^i emmi ? 9 

Mb i 1/37^—^^2. 86Gb i t/sFEC7U 

-A(d#S{t;-t"5m2 60^aft:lHlK (MK^i^Sfk^ 

^) T'fc^o 

[0019] 8J12. 86Gb i t/sFEC:7 A 

^16 1 7 9 M b i t / s ^ k^^n^mt^m 

3CO#S^«llHl?S (||2CO^fi5>^^^) . 9fil6 3fe 
^^1] 1 7 9 M b i t / s -r — ^ ^12 8 M^'i 2 2Mb i t 

^S^^^l^) . 1 0*17LS1t«fii«(Cl*#ft^nfc::^— ■ 
KtS^tC^t^ ISr 1 2 8 2 2Mb i t / s "r — 

ffl^ia:) -CfeSp 4 0Jl^«9tTiElHlK (^•9fTIE^^) 
T-fc«9. :i(7)^«9fTiElHlJ§4 O^C^DV^T. 11(112 8 

2 2Mb i t / s X— ^m^-^m r s (25 

5. 2 3 9) ^«9fTiEi?^-^(7)«-^jc:jCi:T. t':y h^i9 

^tllEi-^RS (2 5 5, 2 3 9)S-^[HlK 2 

^ tJlEm^^^) . 3 5 II 1 2 8 3feJiJ 2 2 M b i t / s 

^^) . 3 6 (IRS (2 5 5, 2 3 9) 7LStS^^I^< 

1 2 sm.n2 2Mb i t/s7^— ^^a-^M^u. rs 

(2 3 9, 2 2 3) ^•9tTiE??-^C0M-^(CJCc;:L:Tt'2/ h 

m ^ ^rriE-r 5 rs (239. 223) m-^ings (s 1 

3 5 t>l:}oi/^-C,m^#;t ibnfc 1 2 8il£Ji]2 2 Mbit/ 

2i^K^mmmmf3^b:t-y<^'y h^mm^i^m^^:t- 
y<^.y K5>g6iEiss u-y<^y h^^j^m^m . 3s\ti 

2 8iifc^ij2 2Mb i sy'-^t^hTL^mnrnm^m 

^1 9Mb i t/s (C{&T^ii:5^2(7)itlt^^lH]5§ 

(m 2 COiUK^m^^) -Cfc^o 1 4 (H 2 8 3feJiJ 1 9 
M b i t / s -r — ^ 1 6 156Mb it/^s -r — 

©) . 1 5(^1 6 3fejijl 5 6Mb i t/sT^"— ^^2. 
5Gb i t/s STM- 1 6v'—^iiZ^Mit'r^m4<0 

[0 0 2 0] d^[z.mmcr>\.^xmm^^o mi\c^\^^ 

||l<7)3feSft^2 in. STM- 1 6 5tft-^^S{t 




(6) 2001-168734 

W 

^o^^sib^^fi^^FEc^'u-A^ti^-r^o mi 

<^^il^ftS§2 3(1. FEC>^U-i.^*ft-^(c^«|L-C 

3fe7T-r^<7!f>^/^5^eitS&2 4(Ci||ai-r5o Il2(7)7t 
Sft^2 5{l. :)tei2lSS2 4^iii:xeil|^ttfcFEC 

^u-A^^tm-^^ef^^m^ft-^f-^tfei-^o FEc#a 
L. 5i::^tt««i«t(c:t&^$tLfc;^-/-<---:y Ktf^(c;^:;i: 

i§2 7(l. FEC^m5^g|[H]Sg2 6^^^(?)mmil-^^7t 
ft-^f-^^LTSTM- 1 6 3tft#^W;b-rSo 

x\ it^m^ 2 4 x\^%\t^(D^^m±^m^m\^mm 

LT3tSNR;65^Ml^r'50T% ^ 2 <Z)7tSft^ 2 5 
ffi;^$tL6FEC>' i^T'(l#Sc<7>t:''';/ h^^^^^i^^i: 
r^Jt). r(7)fc:'s/ h^>J{lFEC^m5>SllHlSS2 6r*fT 
lE^ix. |?2c03¥:il^mts2 7 755ai;^t"5 STM- 1 6 5t 

[0 0 2 1 ] IIl2CO±l5. -r^^^t^^, FEC^SfblHlSS 

2 2tCio^^T. |gl60#fi^gi[E]S§l fl. 2. 5Gb i 
t/s STM- 1 ^f--^^ 1 6 3£^lJl 5 6Mb i t/ 
sx-iJ'tC^S^^Bf m2CO^fi5^K(Hl8&2(l. 16 
^^IJ 1 56Mb i t/s "f—^^ 128 1 9 M b i 

t/ sT'-^kc^m'jifmt^. m 1 coiig^^ife{pis& 3 1 

fl. 12Hm\\19Mh i t/sT'-^kCJL^mnmWL 

S^2 2Mbi t/s it. :^ :y KtfAS 

50 K4(l, ^mmi^:^'rJ^<r>^^^ il^{Ci^.^/^^y;t(l\ 

(CtfAi-^o mi^O^ViJ^ !;-yiH]Sg3 2(1. 1 2 8^ 
^lJ2 2Mbi t/ s X — i5^C0l!lff^ffi;?^#x.. RS (2 

3 9. 2 2 3) n^itm^ 33 (1. RS (239, 22 

3) m^ts^n^i\i^rf^\ ^(Dm:^t\iEn^(D'Kmn 
SS3 4H. mi(o^ >'i$r ij^y'^^s 2i,zm^xm^w 

^.Cbtlfz 1 2 83^^lJ2 2Mb i ty sy'-'^(Dmi¥^W 

xf7ccDmmcm.^w:L. rs (255, 239) ^^-^{t: 

40 !h]S§5{1. rs (255. 239) tflEn-^-it^n 

f^o mi«0#a<tilHlS§6(l. 1 2 83^3?ij2 2Mb i t 
/s X — i?$r 1 6 31/^1] 17 9Mb i t/s'f—^iZ^M 
itL. m2(D^mitm^7it. $ b(Cl 6t|fe2?lJ 1 7 9M 
b i t/s-r'— i$^^#fi{t:Lr2, 86Gbit/sF 

[0 0 2 2] |212(DTI^, f 't^^b^. F EC#a 

5^Bi(pIg8 2 6(C^oV^T. m3<7)#fi5^BtlpJSS8(l. 2. 
8 6Gb i t/s FEC:7i/^A^ 1 6 3fc^fJ 1 7 9Mb 
50 i t/sx-iJ'JC^a^i^mL. m4(7)#a^^lHlSS9 
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$ 1 e^^lj 179Mb it/s 7^—^^ 12 8 

KtSS^It^L. 1 2 83fe^fJ2 2Mb i t/^S7^— ^<7) 

(2 5 5, 2 3 9) a-i-[HlS& 1 1 (i. 128 2 2 M 

b i t/s.y'-d^^m^'^mi.. RS (2 5 5. 2 3 

m2<D>{>'^ V-y^^S 5i'±. 1283i^ij22M 

b i tXsv'—^(Dmf¥^^i<r>^>^V—y\s\^3 2 JO 

tWim^iU^W^. RS (239, 223) ffi^|Bl5S3 
6 II. RS (255, 239) 7L:g:tf < 1 2 8 M 

^IJ2 2Mb i t/ sf—^^Wm-ifimL. RS (2 3 
9. 2 2 3)m^rflEn^-(Dm^-itZJt>CX\::'yhm^^ 

rriE-rSo ^2(0^"^ >^ })-'y\3i&3 %2(d^ 
v'i?' y-r^ieiK3 5^cio^^Tla^#x.e)i^fcl 2 8MJij 

2 2Mb i t/ %'f—^(om'^'^^xi7t(om^\z.m.^m. 

-To ;^-y<-^>;. K^i-^lElgSi 2(1. TLStt^m^^O^^Th 
-y<-.:y Ktt^^^^-BiL, m 2 <7)igS^^i^lHlSS 3 8 11. 
1 2 8ilfe^lj2 2Mb i t/ s¥-'9t^^lL^\tmm'i$.^ 20 

1 9Mb i t/s(c®T5^ii:5o ^ 3 co^fi^blnlgS 1.4 
fl. 12 8 1 9 M b i t / s f^— ^ 1 6 1 5 
6Mb i t/sT^'-^^t^^SiliL. m4<D^mit\Bi^l 

5 11. ^^b(::i 6vt&jn 5 6Mb i t/sT^— ^^^a 
{t\.X2, 5Gb i t/s STM-1 6y^—^^m:h't 

[0 0 2 3] lll3ll:t-/<-^:y Klf AiHl?g;0^ ^ tH;^ $;fL 
— i^^^f tgfiJclSlT'fet). Ili4tlRS (2 

3 9. 2 2 3) n^it^^ti>hm:h^tl^FECyi^- 30 
J-'^^irmf&mXh^ . I15HR S (2 5 5, 2 3 9) 
n^-it^^f)^h3it} F ECyi^—J^:^^V^^2(D 

f^m;']^^!.^ 1 2 8^^|J2 2Mb i t/s7^— i$^Jl. 1 
hcO;^— K1f«. 2 2 2 hCO S TM~ 1 
67^—:$'. 16tf^/h(7)RS (2 3 9, 2 2 3) TuStS 
®. ^Xrjl ehT^yhfiORS (255, 239) TlSIS 
m^^h^j:^n (n = 1 2 8) ficOi^^^' AtciJ: 
^^tLri/^-So r:i-C\ STM- 1 6 7=-'— i$^^ei^tS$R 40 
tL. ^—y<-^^yh'mn. RS (239, 223) TlS 
tS^. ioJiOJRS (2 5 5. 2 3 9) TCStS^fl, TlS 

^ 4 T'll. 't^::^7 I A 1 — 12 8 <7?-etL-etL(7>^— ^< 

--:y KtS«^Ii«(C;^-/<--y KiS^^m^if^i-^o ID 3 T' 
(1. -^yy l^ — M. 1-12 8 (m = 8) {©(T^i^y^^' 

U—AfetcE^^LT. n/m (12 8/8=16) mtl 

mmoH 1 -OH 1 a^i^^&^^J^^nri/^^^co^t lt^l 
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J2 

tzl 2 8m^\2 2Mb i tXsy'—^i.zML. m4K7jk 
•Tl 2 8M^IJ2 2Mb i t/sx--^c?:>i:pf-m (m = 
8) m(Oi)-zfy\y—M.mc^^l.X. n/m (12 8/ 

8=16) ^fiOi^y:7 j\cD7=-'--^^cDjili;?:^^£;Z;t.§ 
;t^o :iCT'll. 7^— i5^coa;2;^#x.(7)— ^ijci: LX. i^ij 
g*lAtL#x.<eL. 2^ijefl8i?-y7U-i.S[cioJi 
{c>':7h^ 3a?iJg«2o_b{:i>-r7 • • le^ijg 
Il±tci5v/>'h. 1 7 5^iJMH_h(v^l 6^>:7 h (An# 
x.?:^ Lirfs]-) 60:^-^^. 'r^J:t>'tb. 1 ( I = 1 6) 

li)o RS (239. 223) 3 3 Jl. HI 4 

{CTfkl^fz 1 2 8 3fe^iJ2 2Mb i t/sT^— i5'<OJ:^tC. 

K'lt#^3cl:r>*STM- 1 ev'-^^T^^t L 

T. 8®(Dih:/>' U—A^tdR S (2 3 9, 2 2 3)^ 

^mnmig(,(DR s (239. 223) itie^^-^m^ 

H 1 (D^4 y — yiElSS 3 4 (U 4 (C;^ Lfc 12 8 
ilfe?iJ2 2Mb i t/s7^— i$^{^>PtLT. mstd^-r 1 2 
8 2 2Mb i t / s — ^ J: ^ S TM- 1 6 r"— 

y —yum o RS (255, 239) m^WlM^ 5 

!ll5CO±^tC^L7t 1 2 8 5lfe^lj2 2Mb i t / s 7^ 
— ^(OJ:^!::. :^^^<--^:y Ktf^. S TM- 1 6 -z-'— 
ioctU^RS (2 3 9. 2 2 3) TCfilS^^St^^ Lr. 
8<B(Di^y7U— AS(-RS (2 5 5, 2 3 9)^«9fT 

^Mi^cORS (2 5 5, 2 3 9) i^«9lT:E^^-^(7)7LSSi 

M) o in 5 cO±I5j«w^ Lfc 1 2 8 2 2 M b i t / s 

T^-^n. mi<D^mi\:\B}me^^nm2(D^mit\3\m 

7^;:io^/^T^mfl:^tL. |gl5<7)T^{c^-r2. 86Gb 

1 t/s FEC >'U— A;6S1t^$nSo ^r.T% f (1 

(n/m= 1 2 8/8 = 1 6) X^^^ ^O||JSc0?F^fi| 
ICOFEC^U— AT'fl. TntOS TM- 1 6 7^— r^'CO 
2. 8 6Gb i t/s(0{Kil^iii^tC>PtLT. 2 2 2 t> 
hOSTM- 1 6x-i$'(;i3 3 t's/ h(7)7i:S'tS^m^;!)5 
ft;IJD$tl.. ei||3lS:*^2 5 5/2 2 2 f^{C±#-r-5 CO 
T% FEC:7U— ACOei^3lft{12. 8 6Gb it/ s 

[0 0 2 41 —:^. F EC^a5>^tlH]S§2 6 ^:::fcv^r 
11. RS (255. 239) ^-^IhIK 1 1 T\ HI 5 cO± 
©(C^LTt 1 2 8^1&3^ij2 2Mb i t / s t"— 

KiSa. STM- 1 6 7=^— RS (2 3 9, 2 2 

3) K&mn. ^xv^Rs (2 5 5. 2 3 9) K^mm 
{cMLx sm<Di^yy ^—^UitCRs (255, 23 
9) ^^rfjEm^'it^no:it{zjir). rs (255, 

2 3 9) m^wnEn^'(Dm.^■{cftcx. :t-y<^yh^m 

STM- 1 67^— ^5^. RS (2 3 9. 2 2 3) (OjZ 
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# 

) 

13 

^mms^XJ^KS (2 5 5, 2 3 9) TlSIW^CT) h 
Y^W.^t^^^\^X\i^^m^\^\t^ RS (2 5 5. 2 3 

9) m^r^^i \(D\!i^tir'—^\c\±\i*y vw.^-f)m^-r 

^2(7)-r V-i?^ yiHlSS3 5tl, 1283^JIJ22M 
b i t/s-r — ^ (7)111/^^11 K^-Y^'^ II—::/IhISS 3 2 
^f^^tcm^#;t. RS (239. 223) ffi-^Sgg 3 
6ti, HI 4 (d^r: Lfc 1 2 8^^IJ2 2Mb i t/s7^— ^ 
C0;?r— ^-^--s/ Ktf^. STM- 1 — i^ctl^RS 
(2 3 9. 2 2 3) 7^:g^S«(C^LT8fli<0-^^y>^l^- 
A@(c:RS (2 3 9, 2 2 3) i^iQlTIEffi-^ff^^tT^ 
<ir(Cj:<9. RS (239, 223) «9 fTiEr^-^*/)^-^ 

RS (2 5 5. 2 3 9) m^tJlEn^tK 
S (2 3 9. 2 2 3) m^tilEm^-tX-\±. ^ *9 fT:E?? 

y^^sm^ m2<D^:y^ v-ymms 5{c^\.^xm 

^#;tbtbfc 1 2 83fe^fj2 2Mb i t/ sy'—^CDmPf 
[0 0 2 5] l^±(D^ 0 :L(Dm^(Dmm 1 {^Xtl 

>^lElS§3 2, y— yiH]S§3 4. ^2 

^-i? y— :/iHlK3 5. iocl:T>*m2(7)T'>r y-.:7' 

iHjgs 3 7 ^sriae 2 mEm^'r^xmm<Dm 

-<T:k:i|iitc^<9lTiEi4«gjii5r^_tL. ei^ilffi75^2. 8 9 
Gb i t/s{c±#Lrt. «S6ffl|-e±^fi:(7)^^i||^> 
^T^-^^tS^-r^r ,t;iSprfigt?i^o *fc, ^^J^cORS 
(2 3 9. 2 2 3) i?^^ft:lHlSS 3 3 (Dn^^zm 1 V 
y-y(H3SS3 2^ifigL, ek^<7:>RS (2 5 5, 2 3 

9) n-^ritm^stDmrnzmKOv"^ v—yiBi^s 

4 ^idfiLTV^6<7)r^ F E C:7 i^j^(7:>S TM- 1 

(r, ^r^-:?^ y— >^[Hi^:joj;t>*x-r >^ y— t'Iei^ (i = 

16) ^^'^^ V-y:^^XJ^y'-(>^^ V-y^tl^-^ 
-fy J>.(D^.\tm. (n/m= 12 8/8=16) ^f^ 

^ f TEti^ ^ ^ ^ f c f^l ± ^ ^ 5 Cl <t # 5 ^ 1:1 . 

[0 0 2 6] mm<Dmm2. m6i'iz<Dmm<Dmm<om 
m2{c^^FEc0^mitmm^7r:'rmj^mx^^ . rs 
(2 5 5, 2 3 9) m^-iBimi I . m2(D^ >^ ])-y 

IHIS&35. RS (239. 223) tg-f-IelSS 3 6 . isX 

rjm2<Dv'^ >^ y — yiHiss3 7-^^h^j:^m^friE\B]^ 




(8) 4^11 200 1 - 168734 

[0 0 2 7] ^^zmmc^\^^xmm'r^o mei^FEc 
^a5^siiHis&2 6 (rjoi/>r. m^WTiE^^4 o^^mm 
m^mLtih(Dx^^ . z(Dmm<Dmm2\cj;:ti\'£. 2 
mmo:>m^niEn^'{cMLxm^mL^'y h^'^cotriE 
^m^m^m.-t(Dx\ ^h^cm^niE^^^i^^^^^ 

ii^^m^fJK. .^/b. ^'9trjElHlgS4 0<S:^^«ei^g§j^i- 

m^Kx^^EEcy \y-j>^mf&-)im^7r^-tmmmx^ 

•9. k (k = 4) m(OEECyi^-'M.^immtl.X. 

^FEcyi--M.(D^>^]j-y^rfomm^i e \f^y 

h-ro-r^LT. n/m (=12 8/8=16) iHl-fo 
V^y— ybr. ^10(1 I±n/m60kfg : 1 6 X 
4 = 64) >^ 'J-y^no ^0\Z'r^h(OX^ 

[0 0 2 9 J mzW)mz-D\^^xmm'r^o ^mnmm^ 
mixi^. 2mm<Dm^m<D^:y^ ^j-y^x-/)^^ i = 

20 1 6 0#'&^:^L)t7!)^ ^ \ ^fz. t ^^-t. 

1=3 2, 4 8. 6 4. • • • coj; 5(ci ecoi^^fS 

^xm^miE'^m^mAL^'^^z.tt^-^mx^^, mi 
\t4m(DF Ecy i^—M.^ xmmt \.fzm^^7r^\.x^ 

•9. ^FEC:7u— A(7)^>^y-:/^tt9tf^^i 6 
t'-y h-fo-f bLT. 1 eiHl-ro^ViJ^ y-y LT. 

16x4 = 64 iHi-rv^y —y^n o^o {c-rttji* i: 

[0 0 3 0] J^iKDJ: r.60|lig(7)?F^^.3(cJ:n 
fi\ FEC7U-AoS:$:tg^^'^M-r^w,!:/ce<. :^ 
yb. K'>^T{cov>rti^i cO'Oi^^ y — yiHisS3 
2. n 1 cot'-t ^^iJ^ y — yiHis§3 4. ^2<D-r>'^^y- 
yiEis§3 5. 4oj;t/^2<OT'-r y — y[Hi^3 7(7)^ 

[00 3 1] mm(owm4, ita^jscoji^sfc^jvNT 

it. FECy l—J^(D}gm^ 2. 86Gbit/s^U 

C:7u-^^^P,(c:^S{kL. 3tei||g&2 4^eilli-5 
^{t-^<7)eititS^a X 2. 8 6Gb i t/s <!: LTt 

j:< (atiftE^^a^^) . ^fz. &mmWitL.x2. 

5Gb i t/s<7)STM- 1 e'f—^t l^XWl^MLtz 
FEC^1iftlHigS2 2:JoJ:t/FEC^fi^gt{Hl?S2 

6 ^ b <@i2H Lt b ^;^co F E C :7 A^^^-T^ffi 
L (bfi^Ei^S^it) . tt^^b X 2. 5Gb i 

t/s<DT^— ^ (CTxJ^. b = 40#^{::ji 1 OG b i 

t/s STM-6 47="-^) <tL-Ct>J:<. ^btCd. 
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t mm^j: FEc-7 i^-Mnf^^mm-r^ r t i^^-^mx^h 

tC>itl£; Lfc F E C 7 i^coiiS (b 5c 

[0 0 3 2] mmmms. ±mmm<^mmx-i±. 

ITjE^^-^^ L-CLI- Kyn^V (RS) ^?■^T'^7F^i^ 
SRS (255, 239) ^RS (239, 223) 
^d^iFLTt/i^ 0ij;tf^. RS (255, 239) <!:RS 
(239, 207) tLXhX<. ZZX\ m^(ORS 

m^rti-^t. RS (p. q) <tRS (q, r) ft 10 
k\.\^X.<. F EC:7 Ix— i^^ciol^-r^if U — ACOt' 

:yhs^p. q. v(D\m^n&i.fcm.t-rt}.\'i^<. 

[0 0 3 3] 

n^it 2 CO^ «9 triE^^^^^^ UT{1-:0D'r 6S 2 CO 
^'9rr:E??f-^±^XS<t, ^2CO^«9tTjE^?-^;6M+;^0$ 
tbfc n fflcoi^y 7 A ^ n ^Sft: ur F E C :7 l^— A 
^^^^5 F E C :7 A>^;^cXS<!: ^«;t 5 J: 9 
f&Lti(DX\ ^<^FEC:7U-A«^;^fe{cJ:oTFE 

mm^-K\^'{zm^m:thtitL 2 mm(Dm 1 j:t/m 2 <^ 
m^friEn^-^>mw^ti^(DX\ ^mmxi-x. 'ttih2 
a^com 1 J; t/^ 2 (Dm ^ triEn^-^m^"r^ ^ <b tc 

[0 0 3 4] :L(D^m^^Xtii'£. nfiCOi^y >' 

fiSL\^xmf\'t^mi(om^fTiEn^'±fS.j:mt. mi<o 

m^fTlE^^^:^mM^tltznm(D'tyy A{C>FJ-L-C 

I 07=^^ >^ y-y LT-r y — yxii{ci:or>r 
^ y -y'^titzmm^7L(Dmm{::^mi-'f^ >^ y -yx 
^i:. nm(r>-^yyi^—Mc:}on^mmcm\^xmm(D 

xmw'r^m2(Dm^)niE^^-^f&j:ut. m2(DmD 50 
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16 

r F E C l^—M^^^fH-r^ F E C :7 l-—J>^±fi^2:mt 

^BK.^Xo{cmf^l.tz<DX\ :z<OFEcyi^'-Msmf^ 
*-fe(ci<i:orFEc^u— A^ffl^-rtij^. m^friEn 
#ft: CO <b f 5 1»« 5: V > itzm^m K.h^tz2 mm(i:> 
mi^j:rjm2(Dmr)$TiEn^m^i]u€ti^(Dx\ 
mxi^. ^tlh2mm(Dml:^^v^m2<Dm^fTlEn^■ 

xmmmj&r^±^L. t/tBmi^\±(D^itm:^^mMLx 

5c ^tz. ^>'^y-:/xmjcJ:o-c^:x^y->^$ti 

fctt^^. "f-o-^ u-y'jiw^x-oxv'^i^^ v—y 
(OF Ecy i^-M.^mm-t^z tt>x^ ^^^tmhti 

5o 

(0 0 3 5] r.COM0^tCj:tLfi\ Uln/m<ti-5 cfc 5 

y'm^t. y-:/:j3ci:tK7^rr y-T'^ti^i^ 

<!:;ii^T-#5<t^(^. r<DF EC u— 
TFEC^'U-A^^^i-^i^Bffi^^^^lcL. /hS^ 

[0 0 3 6 ] rOBP>^{Cj:iXfl\ 1 fin/m(Z)kf^r'fe 
•9. kfi(DFEC7L/— A^lil^,^ LT. ^FEC:7 
Ix- A 60 ^n^'tt ^ 5 te^{ L r n / m iHl (Z) -O- ^ 
y->^^fTPct9fCltfi!cLfc(OT% eillita<7)±#^^ 

i: ^ 5 n 5 o 

[0 0 3 71 w (7)^^(01 J: ttfl. mKOm^fYlEn^-^ 
J:t/^2coi^i9rrX^^^;0>-^ix-e'ttR S (q, r) :ioJ: 
t/RS (p, q) rS^^n^y- KV 

(p, q*5j:t>*r flg^^-Cfei9. p>q>r. p 
2<0^i9fr:E^?-^0??f-^g. qJ±m2<^^«9tTiEJRF-^(^ 

m^$TiE^^-(Dmm^) x^^xoiimf7^i.fz(Dx\ ± 
m^mzft^cxBimmm(o±^m^-m\cL.tzt,^x\ 

^ «9 fTXi4fig^f^±$it 5 :: ;0^r*# 5 F E C :7 A 

[0 0 3 8] z<omm\cxth\'£. mi<r>'^>^ v—y^ 
mc X o xm^fim^m^^tiitmrnm^cm Lxmi 

xoxm.^mi^tifzmmw::i^\.xm2<Dm^fTiEn 

■^^^^L. K^mnmmz^m-r^m2(Dm^friEn 
^-it^^t. ^&m^^mcx&m^titzF Ecy 
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(10) 

17 

^(ommn(OK^mwLmmcw^^Mcm 2 (t^^ ^ it 

;t^>j:9(-««LfccoT\ yt&mm^iRm^titiF EC 

btifz2 mmcom i^^xj^m2(om^ miE^ 

[0 0 3 9] Z.(r>W^\Z.^i(\.\l^ ^2(^^'9fTjE1S^^ 
*5j:t/^2cO'7^>r>>5^y~y^^;i)>e./cC^^<9frE 

JEi-5w<t>:e< . 2S^<7)^«9lTjE^?-^tc^LTi^'9iT 
^ ± ^ it 6 <i: ;0 5 # ^ a m 75 ^# "b H S o 

[0 0 4 0] FEC:7U--i^^^;^ 
?£{CfSi:TFEC:7U--A^«fiSc-r5<i:*{C, -^(^«^ 
^ iXT^ F E C :7 6 J: 9 {ctg;,fe L;t(Z)T\ 

F E c 7 J: 5^:S:S:-&tf F E c^fifh: 

[Iil®(Dffi*/^|ft^] 

\m 1 ] w<;o^B^co||JiS(DJi^<i J: s F E c :7 • 
m2\ z.<r>w^^(omMmm uc j: 5 f e c^fiib 

[ma] ;t-/<-^:y Ktf ASSgTi^b tti:5^ ^ix^ F E C 
7 u-A^^f «fi)cIll-Cfc5o 



2001-168734 
[1114] RS (2 3 9. 2 2 3) ^-^fb[HlS&7)^6tfcl;^ 

F E c ^-h.^Tf^-rm^mx^^^ 

[US] RS (2 5 5, 2 3 9) W-i-<[:(HiSS7!)^bm;^ 

F E C :7 i^:|o J: t/H 2 (0^m.{\L^^t^h^ti 
^tt^ F E C :7 I/— ^^-rfS^IHT'fo^o 
[H 6 ] ^C0%^60^J£(7)?F^ffi 2 J; 5 F KC^Mit 

imi] r (Dmm(Dmm(Dmm 3tcj:6FEc>'u- 
^ m -e ^ -5 o 

[i§! 8 ] t2e^<oF Ec^mitmWi^Tikirmj&mx^ 

[{119] Kt¥AlHlSS75^ibtfi;^^tL^FEC 

-7 i—M^^7sk-rmf&mx$>^o 

imiO] RS (255. 239) n^'it^^^^hn!^ 

ti^tih FEcy u-ajJo J: t>*m 2 (Ds^mitm^t^hm 
t^^fx.^rEcyv—M.^TT^'rmfSMx^^o 

1 m 1 co^fi^^^iHi^ (m i<7)^fi5>gi^^) , 2 

ll2C0#mi»gi[p]SS (m 1 CD^S^^^I^) . 4 ;<^- 
(2 5 5. 2 3 9) f?-^{t:lE]?§ (m2(O^J9tT:iE^-^{b 

^^) . 6 mKD^mitmm imi (^^Mit^m . 
7 m2(7)^a{b[Hig§ (mi(o^mit^^) .8 ^3 
oFEc^s^j-BiiHiK (m2<D^m^m^^) . 9 ^ 

4COFEC#'fi^^[El5§ (m2(D#m^«^l^) . 10 

yi^-M.mm\Bim (yi^-j>^mm^m) .11 rs 

(2 5 5, 2 3 9)m-^0S§ (m2(D^«9friE^-^^ 

^15:) . 14 m3(D^mit{B}m im2(D^mit^ 
^) . 1 5 m4<D^mit\B\^ (m2(D^mi\:^^) . 
21 mi<o^s:m^^ 22 FEc^afkiHis^ (FE 
c^mitmm) . 23 2 a ^i^m 

SS. 2 5 m2<7)^^ft^, 2 6 FEC^S^J-g^lHlSS 

(FEc^s^biss) . 2 7 m2(D^mmii^. 31 
m 1 <^)iis^^{His& im 1 C7:>itss^^i5) .32m 

3 RS (239, 223) n^-it^^ imicom^tT 
lEn^-it^&t) . 34 mi(r>v'^>^V'-y^^ (m 
i<D7'-{ v—y^^) . 35 m2co^ u—y 

\B\m (m2(D^l^^ V—y^m .36 RS (2 3 
9. 2 2 3) ffl^lHlK (Bl<0^«9fTjEm-^^^) . 3 

7 ^2 (T^r'-r >^ V -^[Hiss (m 2 co7=-v >^ y 
^13:) . 3 8 m2(Dmmm^\Bi^ {m2(Dmmm^^ 
1^) . 4 0 niE\B\m m ^ iriE^i^) « 
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(12) 
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[1^41 



Iblt 



RS (239.223) 



222blts 



E^(239,223}flFI^ : 
RS(239,223)4?#1 : 
RS(239,223}?7^2 : 

RS(239.223)n^3 : 
it ^7 1^-^25-32 
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